Green tea is a complex mixture containing several major potent antioxidants e.g., flavins and/or polyphenols. These antioxidants in green tea may react directly or indirectly with strong oxidizers e.g. peroxynitrite or its constituents (superoxide or nitric oxide). Green tea antioxidants can destroy the oxidants. Based on a simple chemical interaction of peroxynitrite (OONO-) and luminol, blue light is produced upon oxidation. It was shown that green tea and constituents have light inhibitory capabilities. In order to show the possible beneficial effects of green tea with DNA, plasmids were chosen to determine whether or not green tea was also capable of preventing oxidative based damage (mutations). It can be deduced that there are multiple levels of antioxidative protection. First, antioxidants can destroy the pieces of peroxynitrite (•O 2 and •NO ), protect from peroxynitrite itself, or protect from the damage caused to DNA by peroxynitrite.
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Study 1
Green tea extract and its polyphenols markedly inhibit luminoldependent chemiluminescence activated by peroxynitrite or SIN-1
ABSTRACT: This study is based on a simple chemical interaction of peroxynitrite (OONO-) and luminol, which produces blue light upon oxidation. Because peroxynitrite has a half-life of less than 1s, a drug known as SIN-1 is used as a peroxynitrite generator.
In addition, peroxynitrite itself was used directly with a fast injection-mixing system to ascertain whether there are differences between it and the peroxynitrite-generating system (SIN-1) which mimics the natural production of (OONO-). Peroxynitrite is a potent oxidizing compound (1000 times more active than equidose hydrogen peroxide) and it can oxidize carbohydrates, lipids, proteins, and nucleic acids. Upon stimulation by inflammation and/or infection, macrophages and neutrophils can be activated to produce large amounts of peroxynitrite. We are interested in simple chemicals that are non-toxic that could inhibit or destroy peroxynitrite, which might otherwise cause inappropriate damage to blood and tissues. Green tea is a complex mixture containing several potent major antioxidant constituents, e.g. flavins and/or polyphenols. The constituents in green tea may react directly or indirectly with peroxynitrite or its constituents through the process of antioxidation to inhibit light. Alternatively, compounds could produce superoxide which, when reacted with nitric oxide, could produce more peroxynitrite and hence more light with luminol. Therefore, as the tea or antioxidants from tea are diluted, while the peroxynitrite or its precursors are kept at a constant concentration, one can observe unusual behavior regarding light emission. Initially, at high doses of tea or antioxidant, one observes clear inhibition of the light generated form the reaction of peroxynitrite and luminol. However, at dilute concentrations of antioxidants, one can often observe stimulation of light. Possible reasons for these observations are discussed.
Introduction
Apart from water, tea is probably the most popular beverage world-wide. oxide, which combine to produce peroxynitrite (Fig. 2) . The antioxidants in green tea should produce inhibitory activity against the production of light in a similar manner regardless of whether peroxynitrite comes directly or indirectly from SIN-1. However, the components of peroxynitrite, i.e. superoxide and nitric oxide, are produced by SIN-1
and their processing/production or assemblage can be inhibited or interfered with in a manner not available with peroxynitrite alone.
The purpose of this study is to measure the antioxidant activity of green tea extract and some of its prominent polyphenols. This is accomplished by using the antioxidants to oppose the oxidation of luminol by peroxynitrite and thereby inhibit the production of blue light.
Methods

Reagents
Three sydnonimine congeners (Fig.3 ) are known to produce both nitric oxide and superoxide and then combine to produce peroxynitrite (OONO-). We chose SIN-1 (lindsidomine) rather than C89-4144 or C87-4095 because it was the most efficient in rate of reaction, although for total light production C89-4144 was somewhat better (Fig.4) . SIN-1 formed the basis of our continuing experiments (5) and all sydnonimines were obtained from Dr. Karl Schönafinger, Casella AG, Hanauer Landstrasse 526-6000, Frankfurt am Main 61, Frankfurt, Germany. SIN-1 produces peroxynitrite (6) at a rate of about 1%/min (based on the total amount of compound). Accordingly, the work illustrated in Fig.5 was accomplished using SIN-1 (Upstate Biotechnology, Lake Placid, NY) as the source of peroxynitrite or peroxynitrite ( The luminometer tube was placed in a Berthold Luminometer, model LB9505C, sixchannel luminometer with the temperature control set at 37°C and the light reaction was measured for 20 min. Peroxynitrite, which reacts directly with luminol, was injected using an essentially pressure semi-independent injection device, which injects 1/50 of the total volume (2500 um) of a gas-tight syringe, made by the Hamilton Co. (Patent No. 3161323), Whittier, CA, to produce a blue light at 425 nm, which corresponds to the most sensitive detection range of the photomultipliers for this luminometer. The injection device was linked to a gas-tight 2500 uL syringe with a fixed needle of 5.2 cm. This length of needle was necessary to penetrate the septum of the ports of the six-channel
Berthold Luminometer and to extend into the tube far enough to produce reproducible mixing; this precaution was necessary because of the short half-life of peroxynitrite. In catalysis and ring-opening of the five-membered sydnonimine and its reaction with dissolved oxygen, thereby reducing the oxygen and producing superoxide anion and a ring-opened compound which, upon rearrangement, releases nitric oxide gas (a free radical). The two free radicals combine and produce the peroxynitrite anion and the spent products. It is the peroxynitrite that reacts with the luminol, producing blue light which is readily detectable via the individual photomultipliers of the luminometer. Fig. 3 shows the structures of various sydnonimines that hydrolyse to produce peroxynitrite, including C89-4144, C87-4095 and SIN-1. Fig. 4 shows the three SIN-1 congeners as they react with luminol to produce blue light. peroxynitrite reacts and decays in a fraction of a second. Fig. 7 shows the inhibitory effects of each dilution of green tea extract added to the SIN-1/luminol-producing combination. The green tea extract, consisting mostly of polyphenols, produces inhibition of luminol-based light at full strength and up to 10,000-fold dilution, and at 0.005 mg the inhibition is about 50%. Further dilution appears to produce a slight increase in inhibition. Fig. 8 demonstrates a similar inhibition with peroxynitrite and luminol, except that the 50% inhibition point occurs at 1000-fold dosage of green tea extract and, as the 10-fold dilution continues inhibition, increases to 75% or more as a kind of a biphasic response.
In Table 1 , we see the inhibitory effects of (-)epicatechin on SIN-1 activated luminol luminescence. A 1:10,000 dilution at 0.45 umol/L produces an approximately 10% 8 inhibition. In the next portion of Table 1 , the same inhibitory potency can be seen with peroxynitrite, but at a 10,000 -100,000 dilution, 75-95% inhibition of light can still be seen.
The inhibitory effects of racemic catechin can be observed on SIN-1 activated luminol light. Table 1 shows that at 1:1000 dilution of catechin there is a 50% inhibition of light, but 10-fold dilutions after that display little inhibition. A similar pattern is seen with peroxynitrite-based light, but the 50% inhibitory effect is not seen until the 1:10,000 dilution. At 1:100,000, 50% inhibition is still seen.
The inhibitory effects on (-) epigallocatechin gallate is seen on SIN-1 activated luminol light in Table 1 ; it inhibits at full strength and at 1:10 dilution at 100%, but further dilution actually stimulates production of light. The same pattern of behavior cannot be seen with this compound using peroxynitrite as the activator of luminol in the table.
(-)Epicatechin gallate displayed solid inhibition (60%) at 1:1000 dilution when SIN-1 was used as the activator of luminol light (Table 1) but when peroxynitrite was used as the activator of luminol light 100% inhibition of light was seen at 1:10 dilution and about 25% inhibition of light production was seen in consecutive 10 fold dilutions after that point (Table 1) .
Discussion
Peroxynitrite can be formed from superoxide and nitric oxide (7) . It can also be produced from the hydrolysis of certain drugs called sydnonimines. The sydnonimine most widely used is linsidomine (SIN-1), because this is a source of both substances that produce peroxynitrite (5).
At physiological pH, peroxynitrite reacts with luminol, producing an initial excited state which relaxes to ground state with emission of blue light (Fig.6) . The reaction occurs because luminol is oxidized by peroxynitrite (8) . Antioxidants added to the aforementioned reaction mixture will generally interfere with oxidation of luminol by directly reacting with the peroxynitrite. SIN-1 was chosen as the source of peroxynitrite because it produces ample light and exhibits the earliest peak (Fig.4) . In addition, because the components of SIN-1 are produced by this drug, it can be used to generate peroxynitrite at a much slower rate, which allows us the chance to inhibit the individual components of peroxynitrite, in a similar way to that in which the body might inhibit the actual physiological generation of peroxynitrite.
Extract of green tea inhibits luminol light production by reacting with peroxynitrite from SIN-1, as seen in Fig. 7 . It also inhibits luminol light production from peroxynitrite ( Fig.8 ). Even 1:10,000 dilutions of the tea produce a measurable inhibition.
Comparatively, the two sets of data (shown in Figs.7 and 8) should be very similar. The reasons for the discrepancies found can only be theorized. One possible explanation concerns the nature of SIN-1 as compared to the pure peroxynitrite form. SIN-1 degrades over time into peroxynitrite by the formation of superoxide and nitric oxide. Fig.8 indicates that luminol oxidation via SIN-1 became less effective with increasing dilutions of tea extract, as expected. However, Fig. 7 shows that luminol oxidation from peroxynitrite was less effective at the third dilution, but that further dilutions again produced inhibitory behavior. It is difficult to explain this phenomenon. One possible explanation takes into account the stimulatory capabilities of some non-phenolic antioxidants and/or phenols (9) . As the structures in Fig. 1 indicate, green tea constituents contain a number of polyphenols and there are antioxidants that are not polyphenols. It could be theorized that there is stimulation when inhibition is unmasked by some compounds being formed in the tubes containing peroxynitrite rather than SIN-1.
It appears that oxidants play a major role in ridding the body of unwanted substances, including bacteria, parasites, and viruses. Oxidants such as peroxynitrite, hypochlorite/myeloperoxidase and superoxide/hydrogen peroxide/ferrous ion can produce high toxicity. When properly confined and compartmentalized, these oxidants play a role in attacking invaders and maintaining health. Sometimes these reactions can get out of control and produce severe inflammation, which can become chronic, e.g. in arthritis.
Therefore, the chemical reactions involved in colitis, meningitis or multiple organ failure are continually produced in high levels during the actual disease state. In all these examples of chronic inflammation, toxic oxidants are produced which play a major role in producing the signs of inflammation. Therefore, it makes sense that chemicals that could prevent the oxidants from getting out of control would be antioxidants. There are two well-known types of natural antioxidants: water soluble, e.g. vitamin C; and fat soluble, e.g. vitamin E. In addition, the polyphenolic constituents of green tea could be important to spare the antioxidants that are already in the body. Whether a substance acts as an antioxidant or an oxidant depends on where the substance in question lies on an oxidant-reductant scale. Vitamin C can be an antioxidant or an oxidant, depending on where it lies on the redox scale relative to other substances. The reactions of (-) epicatechin gallate against SIN-1 or peroxynitrite are shown in Table   1 . Both components are active in over 1:1000-fold dilution at about 50% inhibition.
Racemic catechin is very active against SIN-1 or peroxynitrite, as seen in Table 1 .
Indeed, 1000-fold dilution from original stock at 0.45mmol/L produces about 50%
inhibition from both oxidants used previously. This inhibition for peroxynitrite was maintained up to 1:10,000 dilution, which was a very impressive demonstration.
Finally, epigallocatechin gallate showed stimulation of light, rather than inhibition, from SIN-1 or peroxynitrite (see Table 1 ) at the 1:100 dilution from stock at 0.45mmol/L.
Clearly, it was the weakest antioxidant tested. One of its phenols has three OH groups and gallic acid has three phenolic OH groups. This combination might affect access toward oxidants. Certainly, higher doses of the drug might still be effective. Stimulation of light by phenols or metabolites is a well-studied phenomenon and a recent study has suggested a chemical logic for this (9) .
It should be noted that high dose (-) epicatechin and (-) epigallocatechin gallate However, if damage is too extensive to the DNA, the repair mechanisms might not reverse the damage. This type of damage has been studied extensively by Szabo and associates (6).
We have been interested in developing a strategy which might be able to prevent the production of peroxynitrite via annihilating one or both of the products which form peroxynitrite namely, the free radicals superoxide and nitric oxide. We developed an assay using a drug (SIN-1) The following study produced a rather surprising finding, which is that protection of the attack by precursors of peroxynitrite or peroxynitrite itself are distinctly different steps. Tea contains a variety of polyphenolic substances which protect or inhibit the production of peroxynitrite but once the peroxynitrite has been formed these tea polyphenols do not appear protective of DNA even in high doses.
Materials and Methods
Green Tea and Constituents
Green tea (powdered extract) was purchased from Pharmanex, Simi Valley, CA. 250 mg was dissolved in 10 mL of phosphate buffered saline (PBS) at pH at 7.4 and used as a stock solution (dilutions are made using PBS, and antioxidant samples from this original stock solution were diluted every 10-fold from one to 1 million, i.e., six samples).
The various green tea constituents were purchased from Sigma, St. Louis, MO. The original stock solutions of 10 The solution contains 0.3M NaCl and 0.3M NaOH.
Peroxynitrite (approx. 50 mmol/L) was diluted 1/1000 with water. The original solution was supplied in 0.3 mol/L NaOH, and this stabilizes the compound. Once diluted, it must be kept on ice and used quickly, especially after dilution. The diluted basic OONO-is then rapidly injected into the 1x TBE buffer at pH=7.4. Under these neutralizing conditions the half-life of OONO-is less than 1 s (Fig.6) . Peroxynitrite is stored at -80 C until use.
Electrophoresis of Plasmid DNA DNA strand breaks in supercoiled DNA were analyzed after agarose gel electrophoresis as described previously (19). The agarose was purchased from Sigma Chemical Co. (St. Louis, MO). Electrophoresis was accomplished using 0.7% agarose.
1.05 g of the agarose was measured and dissolved in 150 mL of 1x TBE buffer. The solution was then microwaved in a Sanyo conventional microwave oven for ca. 2.5 min.
or until all of the agarose had dissolved. The 1x solution of TBE buffer was diluted from a 10x solution of TBE buffer that was prepared by thoroughly mixing 54g Tris, 27.5g
Boric Acid, and 2mL 0.5M EDTA pH=8.0. Deionized water was added to raise the total volume to 500mL.
The first gels were run in order to determine the necessary amount of plasmid DNA. 2uL, 5uL, 10uL, 15uL ,20uL ,30uL ,40uL , and 50uL of the original 1mg/mL plasmid solution were loaded into the gels with 3uL of loading buffer. From Fig.1 it was determined that a volume of 2uL of plasmid sufficiently showed a high percentage of the plasmid in the supercoiled as opposed to a smaller percentage in the nicked form.
Volumes of
A dose response with peroxynitrite was then done with the agarose gels to determine the proper dosage and length of incubation. Peroxynitrite was diluted with TBE buffer in a range of 2:1 to 4:1 (see starting concentrations of peroxynitrite above). 50uL of the various dilutions of peroxynitrite were added to the solutions of plasmid DNA with TBE buffer and loading buffer and electrophoresed and placed in an incubator for 0.5 h -1h .
From Fig. 2 it was determined that a 2:1 dilution of peroxynitrite was a sufficient dose to cause the highest percentage of the plasmid DNA to be in the nicked form.
To determine whether or not antioxidants are able to protect the plasmid DNA from the oxidative damage caused by peroxynitrite, green tea and/or its constituents were incubated with the solution mix at doses ranging from full strength (10 Table 1 indicates, there is greater differences when comparing percentages of the amount of supercoiled to nicked, the amount of 2uL of plasmid was chosen due to the fact that it showed the least amount of DNA in the nicked form. reason that green tea extract and its polyphenolic constituents did not appear to be that effective in preventing DNA damage and mutations could be explained by the aforementioned study by Szabo and associates regarding the extent of actual damage (6).
It is possible that peroxynitrite, being the powerful oxidizer it is and capable of causing mutations at a multitude of levels itself, could have caused damage to the DNA past the point of repair. demonstrated that peroxynitrite oxidizes or nitrates guanines producing 8-oxoguanines or 8-nitroguanine (10) . Furthermore, they showed that consecutive guanines are readily attacked but certain isolated guanines were oxidized or nitrated even more readily, creating mutational hot spots. A mutational hot spot can be defined as the genetic entity most mathematically likely to produce a mutation. Therefore, the main effects of peroxynitrite are to nick the DNA backbone or oxidize or nitrate the guanines or all of these. To summarize there are three levels of complexity at which antioxidant/cellular repair mechanisms might occur. First, the antioxidants could prevent the precursors of peroxynitrite (superoxide and nitric oxide) from being generated or from getting together to form peroxynitrite. Secondly, antioxidants could interact once peroxynitrite is formed.
An example of this would be the effect of uric acid which reacts with peroxynitrite and forms a variety of compounds including allantoin and a nitrated imidazole (11) . This type of annihilation reaction with an antioxidant could prevent DNA from being damaged or mutated by peroxynitrite. This might include both genomic and mitochondrial DNA.
Thirdly, if the DNA was not damaged too much, a cell's repair mechanisms might repair the minimal damage and the DNA might remain intact, and in the case of plasmids, DNA might become infective under the conditions used in our study.
Matsumoto et al (12) have recently demonstrated that Nth DNA glycosylase is involved with the removal of 8-oxoguanines/guanine mispairs in DNA (12) . This would probably be the enzyme used by E coli to repair peroxynitrite mediated DNA damage.
This might include 8-nitroguanine which would likely be repaired by the same DNA glycosylase.
In addition, we thought that these same compounds would be useful in preventing the damage to DNA caused by peroxynitrite itself or even with other strong oxidants such as hypochlorite. We needed an assay which would produce a simple but useful endpoint in determining whether DNA could be repaired or whether the damage to DNA was too extensive that repair was not possible. Other research from our laboratory demonstrated that if the luciferase plasmid is not too extensively damaged by peroxynitrite, when placed in solution with permissive E coli, the luciferase will be expressed. Green tea or its polyphenols could not prevent extensive damage and the luciferase gene was inactive.
However, berry extracts, e.g. blueberry, did prevent luciferase plasmid DNA expression and the luciferase gene was expressed. Therefore, some fruit extracts prevent the peroxynitrite damage to the luciferase plasmid, so the E coli repair mechanisms were effective (publication in progress). This can only happen if the plasmid DNA is not extensively damaged or if damaged slightly and can be repaired by the bacterial repair mechanisms. The idea is that maybe we could use a simple nutritional extract to prevent dangerous mutations which could persist without repair.
The take home message of all this is that antioxidants have the possibility to protect on a multitude of levels. The larger the variety of antioxidants available, the better are your chances for protection against mutation. Studies are now indicating the levels of damage (mutations) caused by oxidants throughout a lifetime are measurable in urine (13) . As a person ages, the damage to DNA increases. This evidence indicates that a variety of different antioxidants are needed for a more complete protection from 36 mutations caused by oxidation. It is clear that protection from oxidative based mutation should occur early in life and continue in order to live a life free of oxidative disease.
